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Background. On average, as people age, they accumulate more health deficits and have an increased risk of death. 
The deficit accumulation-based frailty index (FI) can quantify health and its outcomes in aging. Previous studies have 
suggested that women show higher FI values than men and that the highest FI score (the "limit to frailty") occurs at a 
value of FI ~ 0.7. Even so, gender differences in the limit to frailty have not been reported. 

Methods. Data for this analysis were obtained from the Beijing Longitudinal Study of Aging that involved 3,257 
community-dwelling Chinese people, aged 55-1- years at baseline. The main outcome measure was 5-year mortality. An 
FI consisting of 35 health-related variables was constructed. The absolute and 99% FI limits were calculated for different 
age groups and analyzed by sex. 

Results. The mean level of the FI increased with age and was lower in men than in women {F = 67.87, p < .001). The 
99% FI limit leveled off slightly earlier with a relatively lower value in men (60 years; 0.44 ± 0.02) compared with that in 
women (65 years; 0.52 ± 0.04). The highest absolute FI value was 0.61 in men and 0.69 in women. In both groups, people 
with an FI greater than or equal to the 99% limit showed close to 100% mortality by 5 years. 

Conclusion. Compared with men, women appeared to better tolerate deficits in health, yielding both relatively lower 
mortality and higher limit values to the FI. Even so, the FI did not exceed 0.7 in any individual. 
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FRAILTY represents an increased level of vulnerability 
compared with other people of the same age and is vari- 
ously viewed as an at-risk state (1) or as a specific syndrome 
(2). People with a higher level of frailty are more inclined 
to have adverse health outcomes, leading to a higher risk of 
institutionalization and death (1,2). Several approaches have 
been proposed to operationalize frailty (3-6). Among these, 
the frailty index (FI) based on the accumulation of deficits 
has been validated using multiple data sets and has shown 
several interesting characteristics (5,7-14). The mean value 
of the FI increases with age and is closely related to the risk 
of death. Women accumulate more deficits at any given age 
(ie, higher FI) on average but show a lower mortality than 
men for any level of deficit accumulation (1 1,15-17). 



One intriguing finding from work with the FI is that 
there appears to be an empirical limit to the accumulation 
of deficits in older adults, as suggested by the reliability 
theory of aging (7,15,18,19). According to this theory, 
humans represent redundant systems, with certain numbers 
of irreplaceable elements that deteriorate over time. When 
the redundancy is exhausted, the body system reaches its 
limit of "physiological reserve" so that it can accumulate 
no more deficits (20,21). By this view, the usual tendency to 
redundancy exhaustion accounts for the limit to life expec- 
tancy; that is, the deficit accumulation in this person tends 
to decelerate along with decreased mortality, in accord with 
the "compensation law of mortality" (22). When the body 
system reaches its limit of tolerance, a single extra deficit 
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can cause the system to fail, leading to little chance of sur- 
vival. Quantification of a limit to frailty is important, with 
implications especially for public health planning and bet- 
ter patient care: for example, whether an older patient can 
tolerate surgery and/or a given procedure and at what risk 
of adverse outcomes. 

Earlier work using Western data sets has demonstrated 
repeatedly that redundancy exhaustion may appear at FI 
values close to 0.7 (18). Similar findings have been shown 
by a recent study on Chinese sample aged 80+ years (19). 
Even so, previous studies have not explored the possible 
gender differences in the FI limits and thus not taken into 
account the difference in mortality and healthy life expec- 
tancy between men and women (7,15,18,19, 23-25). Using 
data from the Beijing Longitudinal Study of Aging, we 
have evaluated aging by applying the FI approach in China 
(14, 26). In this study, we extend the analysis to investigate 
the relationship between frailty limit and the short-term 
(5-year) mortality in men and women. Given the extent of 
health changes in the middle-aged people, we compared 
subjects aged 55-64 years with those aged 65-h years. 



Methods 

Participants and Data 

The Beijing Longitudinal Study of Aging is a prospec- 
tive cohort study of 3,257 community-dwelling Chinese 
population aged 55 years and older at baseline. The geo- 
graphic distribution, economic status, age, and education 
of the sample represent the older population of Beijing, as 
obtained from the Fourth National Census Data (27). As 
described elsewhere (27,28), the cohort was assembled in 
1992; the response rate was 91.2%; participants were fol- 
lowed every 2-3 years. At the time of the 1997 survey, 784 
subjects (24.1%) had died, and 430 were missing at follow- 
up. The survey was based on self -reporting information 
that covered demographic characteristics, socioeconomic 
status, activities of daily living, lifestyle, physical health, 
psychological and self-rated health, medical conditions, 
cognitive status, and the use of health care services. Trained 
interviewers, mostly nurses or physicians, administered a 
standard questionnaire at the respondent's home; where 
available, medical records were used to verify the presence 
of disease. Depressive symptoms were evaluated using the 
Center for Epidemiologic Studies — Depression scale, and 
cognitive function was assessed using the Mini-Mental 
State Examination (MMSE) scale. 

For this secondary analysis, variables from the baseline 
data set were retrieved and used to construct the FI. Five- 
year survival outcomes were evaluated. Survival status was 
determined through interviews with surviving household 
members and/or neighbors and verified by death certificates 
and/or local police register records. Vital status was known 
for 91.6% of the participants, with censoring for dates of 



death or dropout. Data of the subjects (8.4%) with missing 
survival information were excluded from survival-related 
analysis only. 

Frailty Index 

An FI was constructed using the baseline survey data 
(1992) for each participant (n = 3,257) as described in the 
previous reports (14, 26). Specifically, each variable used 
in the FI satisfied the criteria of being associated with 
health status, accumulating with age, not saturating (ie, not 
becoming present in >80% of people), having more than 
1% prevalence and less than 5% missing, and covering sev- 
eral systems (29). As a result, 35 variables were included, 
containing diseases (n = 8), symptoms (« = 7), psychologi- 
cal problems (n = 5), basic and Instrumental Activities of 
Daily Living disabilities (n = 14), the MMSE total score 
(Tablel). Fifteen of these variables were binary, in which 
"0" was used to indicate the absence of the deficit and "1" 
to indicate its presence. For the remaining 20, three level 
variables, an additional value of 0.5 represented the inter- 
mediate status such as "sometimes". The MMSE was coded 
as 0 (MMSE > 24), 0.5 (MMSE = 15-23), and 1 (MMSE < 
14). Next, all the variables were summed and divided by 35 
to yield a FI ranging from a theoretical minimum of 0 (no 
deficits present) to a possible maximum of 1 .0 (all deficits 
present), with higher FI values representing a greater level 
of frailty and thus worse health and greater vulnerability to 
adverse outcomes. For individuals in whom a given vari- 
able was missing, the FI was calculated based on the items 
present; variables with missing values were excluded from 
both the numerator and the denominator. In this study, the 
maximum number of missing values in any individual FI 
was never greater than 1. 

Statistical Analysis 

Sample characteristics were described using means and 
standard deviations for interval variables and percentages 
for the categorical variables, with differences tested using 
analysis of variance and chi square (x^), respectively. The 
attributable risk was calculated for each variable as the frac- 
tion referring to the proportion of risk among the exposed 
population that could be attributed to the exposure (30). The 
FI values were calculated separately for men and women 
and for different age groups. The 95% and 99% submaxi- 
mal FIs (ie, the 95% and 99% FI limits) for a given age 
group were calculated as the mean FI values of the 5% and 
the 1% people with the greatest FI at the ages. Multivariable 
regression analysis was used to examine the relationship 
between the FI (mean and limit values) with age and mor- 
tality. Five-year mortality rates were compared between 
men and women using Student's t tests, whereas the sur- 
vival probability was evaluated using the Kaplan-Meier 
analysis. Data analyses were performed using SPSS vl9.0 
and codes developed using Matlab 2008. 
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Results 

Women were slightly older and had less education than 
men (Table 1). Women were also more likely to have prob- 
lems with function, cognition, and depression and to exercise 
less, especially after age 65. In the 55- to 64-year-old group, 
the Activities of Daily Living performance was marginally 
higher in men than in women. However, women aged 65 H- 
years showed better performance with items of both Activities 
of Daily Living and Instrumental Activities of Daily Living 
compared with men of the same age. Of note, women who 
were between 55-64 years appeared to take more medica- 
tion compared with older women or men. Considering the 
individual deficits that make up the FI, women were more 
likely than men to report most deficits, except for stroke and 
several function items (Table 2). The baseline demographic 
and health conditions did not differ significantly between the 
participants (« = 275, 8.4%) who missed survival information 
and the rest of the sample regarding mean age (70.9 ± 9.2 vs 
70.1 ± 9.0, F=2.l9,p = .14), % female (53.5% vs.50.9%, 

= 0.67, p = .41), % married (62.9% vs 65.7%, = 0.850, 
p = .36), mean MMSE (23.6 ± 4.1 vs 23.1 ± 4.3, F = 1.88, 
p = .17), or the mean level of FI (0.12 ± 0.10 vs 0.13 ± 0.10, 
F = 0.14, p = .71); however, the latter were more likely to be 
better educated and live in an urban dwelling (9+ y educa- 
tion = 22.9% vs 11.5%, X^=30.26, p < .001 and rural dwell- 
ing: 12.0% vs 36.5%, = 66.98, /7 < .001). This subsample 
was excluded from the mortality analysis only. 

In both men and women, most deficits were associated 
with an increased risk of mortality by 5 years (Table 2). For 
the 55- to 64-year-old group, many deficits appeared to be 
more lethal for women than for men. This was in contrast 
to those aged 65-H years; the deficits often showed a higher 
risk for death in men than in women. Notably, several items, 
when considered individually, seemed to have a protective 
effect regarding the 5-year mortality in the 65h- years group 



(ie, negative attributable risk). This was especially true 
regarding women (Table 2). Such variables included using 
hearing aids, having arthritis, transient ischemic attack, and 
thyroid disease, which most likely were treated. 

Considering deficits collectively, the mean FI increased 
with age for both men and women (Figure lA and B). The 
minimum FI remained to be 0 at almost all ages, except for 
ages above 80 years (minimum FI = 0.003). For any age 
group, the mean FI was greater in women than in men (F = 
67.87, p < .001 for the difference in the means; Figure lA 
and B). The 95% limit values of the FI also increased with 
age, similarly in men and women. The 99% submaximal 
limit to the FI showed no correlation with age above the age 
of 60 years in men, and above the age of 65 years in women 
(Figure 1 A and B). The 99% limit FI value was significantly 
higher in women (0.52 ± 0.04) than in men (0.44 ± 0.02). 
The highest absolute FI value was 0.61in men and 0.69 in 
women (ie, not exceeded 0.7). 

The mean death rate was higher in men than in women 
(f = 3.74, p = .010) and increased with age for both men 
and women (Figure 2 A and B). For the people in whom the 
FI was higher than the 95% limit, the death rates were high 
and did not differ between men and women {n = 94 vs n = 
91; / = 0.54, p = .610); this was also the case regarding the 
99% limits (n = 28 men and 28 women; t = 0.10,p = .922; 
Figure 3A and B). All but one person aged 65-1- years who 
had an FI at or above the 99% limit died in 5 years (ie, 15/16 
men with a mean FI = 0.46 ± 0.04 and 14/14 women with 
the mean FI = 0.54 ± 0.05). In the 17 people younger than 
65 years who had very high FIs, the 5 -year mortality rates 
were closer to 50% and none survived to age 79. 

Discussion 

In this study, we evaluated the limit of frailty in Chinese 
men and women by applying the deficit accumulation 



Table 1 . Demographics and Characteristics of Middle- Aged and Older Adult Men and Women in the Sample of the Beijing 

Longitudinal Study of Aging 







55- to 64-y Old 








65+ y Old 






Men (n = 482) 


Women (« = 557) 




P 


Men (« = 1 1 1 1) 


Women (« = 1107) 




P 


Age 


59.9±4.2 


59.8±2.8 


0.22 


.641 


74.6 ±6.3 


75.3±6.7 


4.87 


.027 


9+ y education (%) 


23.2 


12.6 


20.36 


<.001 


15.0 


5.1 


60.98 


< .001 


5-y death rate (%) 


9.5 


6.1 


4.30 


.038 


33.8 


30.7 


2.35 


.126 


Being married (%) 


92.7 


84.2 


18.05 


<.001 


69.5 


40.1 


193.23 


<.001 


Rural dweUers {%) 


35.9 


33.6 


0.61 


.433 


33.8 


34.8 


0.22 


.643 


Total ADL score (/1 8) 


6.1 ±0.9 


6.0±0.2 


6.68 


.010 


6.3±1.4 


6.5±1. 


8.79 


.003 


Total lADL score (/1 8) 


6.4±1.7 


6.3±1.3 


0.49 


.485 


7.6±3.2 


8.7±3.9 


58.06 


<.001 


MMSE (/30) 


25.7±2.8 


23.7±3.6 


63.55 


<.001 


24.1 ±3.8 


20.7±4.4 


231.02 


<.001 


CES-D (/60) 


6.3±7.6 


8.2±7.3 


11.44 


.001 


5.6±6.7 


8.4±7.9 


52.11 


<.001 


# of medication taken 


1.1±1.2 


1.4±1.4 


12.97 


<.001 


1.2±1.4 


1.2±1.3 


0.42 


.518 


Physical exercise score 


2.6±2.6 


2.9±3.0 


3.05 


.081 


2.8±2.5 


1.9±2.2 


85.65 


<.001 


Frailty index 


0.08 ±0.07 


0.09 ±0.07 


12.91 


<.001 


0.12±0.10 


0.16±0.12 


71.20 


<.001 



Note: Data are presented as mean ± standard deviation, unless specified otherwise. ADL = Activities of Daily Living; lADL = Instrumental Activities of Daily 
Living; MMSE = Mini-Mental State Estimation; CES-D = Center for Epidemiologic Studies — Depression. Group differences were examined using analysis of 
variance (F) and test, respectively, for interval and categorical variables. The level of significance (p) was set at .05. 
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Table 2. Percentage Present of the Health Deficits Used in Constructing the Frailty Index, and Their Attributable Risks for 5-Year Mortality, 

in Middle-Aged and Older Adult Men and Women 



55- to 64-y Old 65-1- y Old 





Men (482) 


Women (557) 






Men 


(1111) 


Women (1107) 








Variables Description 


% Present (AR) 


% Present (AR) 




p 


% Present (AR) 


% Present (AR) 


X 




p 


Do not have much energy 


42.4 (0.26) 


55.2 (0.61) 


17.23 


<.001 


59.2 


(0.45) 


69.6 (0.30) 


28 


78 


<.001 


Fell less useful 


41.1 (0.34) 


58.5 (0.33) 


31.28 


<.001 


61.2 


(0.48) 


76.7 (0.34) 


79 


34 


<.001 


Do not feel a lot of fun in life 


36.7 (0.18) 


37.3 (0.41) 


0.05 


.976 


37.7 


(0.22) 


39.3 (0.12) 


1 


04 


.594 


Do not feel very happy 


35.2 (0.06) 


43.5 (0.23) 


7.89 


.019 


29.8 


(0.09) 


36.7(0.18) 


17 


15 


<.001 


Feel nothing to do 


16.5 (0.48) 


20.6 (0.52) 


4.47 


.107 


20.0 


(0.35) 


27.2(0.21) 


16 


01 


<.001 


Hypertension 


19.1 (0.46) 


26.0 (0.26) 


7.08 


.008 


18.8 


(0.17) 


19.2 (-0.23) 


0 


04 


.839 


Coronary heart disease 


13.1 (-0.58) 


18.1 (-0.03) 


4.98 


.026 


15.4 


(0.03) 


15.4 (-0.13) 


0 


00 


.982 


Stroke 


5.6 (0.67) 


2.5 (0.81) 


6.50 


.011 


7.7 


(0.22) 


5.1 (0.48) 


5 


79 


.016 


TIA/small stroke 


2.1(0) 


1.3 (0.58) 


1.07 


.300 


1.9 


(-0.18) 


1.4 (-0.15) 


1 


00 


.319 


Arthritis 


5.2 (0.22) 


11.1 (0.59) 


11.90 


.001 


5.6 


(-0.42) 


6.0 (-0.90) 


0 


15 


.700 


Thyroid disease 


0.8 (0.62) 


2.0 (0.34) 


2.38 


.123 


0.5 


(-0.01) 


1.5 (-0.75) 


5 


36 


.021 


Glaucoma 


1.0 (0) 


2.5 (0) 


3.14 


.077 


2.2 


(0.19) 


3.1 (0.13) 


1 


81 


.179 


Cataract 


4.1 (0) 


7.5 (0.53) 


5.30 


.021 


14.6 


(-0.32) 


14.7 (-0.08) 


0 


01 


.924 


Urinary incontinence 


6.0 (0.57) 


24.4 (0.22) 


65.49 


<.001 


12.9 


(0.33) 


29.5 (0.25) 


92 


25 


<.O01 


Falls 


5.0 (0.57) 


8.3 (0.07) 


4.42 


.035 


9.8 


(0.34) 


16.4 (0.27) 


20 


87 


<.001 


Fracture 


3.7 (0.15) 


5.7 (0.02) 


2.28 


.131 


6.5 


(0.33) 


10.5 (0.17) 


11 


43 


.001 


Tremor 


5.8 (0.35) 


4.7 (0.63) 


0.68 


.409 


8.0 


(0.34) 


8.3 (-0.14) 


0 


07 


.796 


Do not hear clearly 


5.8 (0.35) 


4.7 (0.22) 


0.78 


.678 


28.9 


(0.42) 


24.1 (0.49) 


6 


52 


.038 


Wear a hearing aid 


0.4 (0) 


0.5 (0) 


0.08 


.774 


2.7 


(-0.46) 


1.3 (-0.08) 


5 


88 


.015 


Use a walking stick 


0.4 (0) 


1.3(0) 


2.13 


.144 


5.5 


(0.31) 


7.1 (0.26) 


2 


54 


.111 


Need help with eating 


0.8 (0.82) 


0.2 (0.94) 


2.48 


.289 


1.9 


(0.62) 


3.1 (0.67) 


3 


71 


.157 


Need help with grooming 


1.0 (0.77) 


0.0 (0) 


5.81 


.016 


1.2 


(0.52) 


2.3 (0.65) 


4 


46 


.035 


Need help with dressing 


1.2(0.82) 


0.0 (0) 


6.97 


.031 


2.8 


(0.58) 


4.0 (0.68) 


2 


38 


.304 


Need help with getting on/off bed 


1.5(0.85) 


0.0 (0) 


8.14 


.017 


2.4 


(0.60) 


4.7 (0.68) 


6 


87 


.032 


Need help with bathing 


2.5 (u.si) 


1.3 (0.87) 


4.46 


.108 


8.3 


(0.60) 


1-11 /r\ 

14.1 (U.62) 


19 


29 


<.001 


Need help with moving in house 


1.7 (0.86) 


0.2 (0.94) 


6.72 


.035 


3.2 


(0.60) 


5.6 (0.66) 


8 


19 


.017 


Need help with cooking meals 


6.4 (0.78) 


2.7 (0.87) 


11.39 


.003 


23.9 


(0.63) 


24.2 (0.65) 


0 


57 


.754 


Need help with managing money 


2.7 (0.82) 


2.9 (0.86) 


0.41 


.813 


13.9 


(0.60) 


23.2 (0.54) 


32 


29 


<.001 


Need help with taking a bus 


5.0 (0.75) 


9.5 (0.59) 


14.52 


.001 


24.0 


(0.64) 


49.9 (0.59) 


158 


89 


<.001 


Need help with shopping 


3.5 (0.76) 


3.2 (0.75) 


0.80 


.672 


15.9 


(0.63) 


28.9 (0.62) 


54 


51 


<.001 


Need help with walking 


2.9 (0.75) 


2.7 (0.79) 


2.83 


.243 


10.7 


(0.60) 


22.8 (0.62) 


57 


89 


<.001 


Need help with up/down stairs 


3.1 (0.74) 


2.5 (0.85) 


0.38 


.825 


14.3 


(0.62) 


28.0 (0.64) 


62 


35 


<.001 


Need help in running housework 


44.4 (0.39) 


24.1 (0.34) 


48.00 


<.001 


53.8 


(0.47) 


46.8 (0.56) 


10 


97 


.001 


Need any other personal care 


1.9 (0.84) 


0.5 (0.91) 


4.00 


.046 


5.4 


(0.58) 


9.3 (0.60) 


12 


41 


<.001 


MMSE < 24 


18.7 (0.50) 


39.1 (0.50) 


48.44 


<.001 


30.5 


(0.47) 


47.1 (0.58) 


162 


90 


<.001 



Note: AR = attributable risk; TIA = transient ischemic attack; MMSE = Mini-Mental State Estimation. Group differences were examined using test. The level 
of significance (p) was set at .05. 



approach and linked it to short-term mortality. An FI was 
constructed using 35 variables assessing a wide range of 
health measures including medical history and disease 
conditions, signs, symptoms, psychological and cogni- 
tive health, and functions of daily living. The performance 
of the FI with age and the increased mortality with the 
FI were consistent with previous reports using the same 
and many other data sets (1 1,15-17). Our study confirmed 
that limits to frailty were present in this Chinese older 
adult sample, and further extended the FI limit analysis to 
include people of late middle ages. This is the first study 
to identify a gender difference in frailty limit in relation 
to healthy life expectancy and mortality. Our data suggest 
that the gender difference regarding the limit of how many 
deficits one can have has impact on the gender difference 
in mortality. 



Consistent with other studies (17,18,31), here women 
showed more deficit accumulation than men. Meanwhile, 
women, especially those with more advanced age, were 
more likely to have depression and lower cognitive perfor- 
mance. Here, men aged 55-64 reported greater Activities of 
Daily Living performance than women; the situation was 
reversed above age 65. It is not clear how robust this conclu- 
sion is, as an age-gender interaction in how deficits affect 
disability has not been well studied and warrants further 
research using different data sets. 

As expected, having many deficits increased the risk 
of death (Table 2). Even so, and curiously, some apparent 
deficits (eg, using hearing aids, having arthritis, transient 
ischemic attack, and thyroid disease) were associated with 
better 5-year survival. These findings might be attributed 
to several reasons. First, certain mild deficits (eg, transient 
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Figure 1. Frailty index (FI) as a function of age in men (Panel A) and in women (Panel B). Data are presented for individuals by 5-year-age groups. The level of 
FI was calculated for each individual as the sum of deficits present in the individual divided by 35 — the total number of variables considered. Mean FIs (diamonds 
and dotted lines) were calculated for each age group. The 95% and 99% frailty limits for a given age group were calculated as the mean FI values of the 5% (squares 
and dashed lines) and the 1% (triangles and solid lines) of people with the highest FIs, respectively. 
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Figure 2. Death rates in relation to the frailty index (FI) in men (Panel A) and in women (Panel B). Data are presented for individuals by 5-year-age groups. 
The level of FI was calculated for each individual as the sum of deficits present in the individual divided by 35 — the total number of variables considered. Mean FIs 
(light-gray bars) were calculated as the average of the FI values of all people within the given age groups. The 95% and 99% frailty limits for a given age group were 
calculated as the mean FI values of the 5% (medium-gray bars) and the 1% (dark-gray bars) people with the highest FIs, respectively. 



ischemic attack) are indicators of subsequent severe dam- 
age (eg, stroke), and their early treatment might prevent 
more severe problems that otherwise would lead to death. 
Second, for some chronic diseases, such as arthritis and 



thyroid illness, medication intake (especially, nonsteroidal 
anti-inflammatory drugs (32) and perhaps also allopurinol) 
(33,34) might help to prevent the occurrence to other defi- 
cits such as inflammation and metabolic syndromes. Third, 
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Figure 3. Five-year survival probabilities for men (Panel A) and women (Panel B) calculated using the Kaplan-Meier Survival function. Data are presented for 
people with a frailty index (Ff) < 0.03 (ie, the most fit people; dashed lines) and those with a FI above the 99% limit of the FI (ie, the least fit people in various age 
groups; solid lines). For men, the 99% limit was 0.61; for women, it was 0.69. 



intervention strategies such as hearing aids and dentures 
prevent declines in health, as have better social conditions 
and better nutrition. On the other hand, the use of dentures 
and hearing aids might be surrogates for better overall 
access to health care services. Some factors, such as an 
apparently protective effect of arthritis, have been seen in 
other studies (35,36), including more vulnerable population 
of disabled individuals (37). Likewise, the impact of posi- 
tive self-rated health is widely known although correcting 
for frailty status seems to allow additional insight — that is, 
self -rated health is more explanatory in relatively fit than in 
relatively frail people (38). Even so, commenting on spe- 
cific factors that might be associated with better conditions 
is problematic due to the effect of multiple comparisons and 
confounding. Such observations must be seen as hypothesis 
generating only. 

Our data suggest that in general, women tolerate more 
health problems than men do and some of the items showed 
an apparent protective effect only in women. The advantage 
in health expectancy in women was clearer in those aged 
65 years or older, even though women enjoyed a lower mor- 
tahty rate than men at all ages (Figure 2). This reflected in 
the different FI limit values between men and women. An 
empirical 99% FI limit of approximately 0.70 was seen in 
women, as reported in previous analyses that do not sepa- 
rate limit by sex (18,19). In fact, as shown here, the empir- 
ical 99% FI limit of men was notably lower than 0.7. In 
consequence, at the 99% limit, women tended to be frailer 
only at more advanced ages, while more men with a similar 
level of frailty (eg, FI - 0.45) would have already died. The 
cirgument seems to be supported by the data showing the 
near-zero slope of deficit accumulation at the submaximal 



limit in relation to age in the older men, indicating an ear- 
lier exhaustion of redundancy in men than in women in this 
Chinese sample. At the 99% frailty limit, little difference 
in mortality rates were found between men and women 
at this limit while the maximum (100%) death rate was 
approached. This result is consistent with the theory of 
reliability, stating that at the frailty limit, a system can age 
no more and little chance of survival can be expected (20). 
Here, when approaching redundancy exhaustion, men were 
more susceptible to death than women, with highest mor- 
tality reached independent of age. At the point when the 
redundancy exhaustion was reached in women, neither dif- 
ferential gender nor age effect on mortality was observed, 
as nearly all at the frailty limit were subjected to death. 

Taken together, the question as to why frailer women live 
longer than men even in the poorest countries in the world 
(25) can be partially revealed by our data. Even though 
women at any given age tended to have more deficits than 
men, their level of tolerance of these deficits, as measured 
by the limit to the FI, was greater than men. In consequence, 
the average death rate of women was significantly lower 
than that of men at any given age. The maximum death rate 
(100%) was seen in men with much lower FI values than 
those in women of the same age. All these results suggested 
that women have a higher capability of "compensation for 
mortality" than men, providing a likely explanation for the 
worldwide observation that frailer women outlive healthier 
men (31). 

Our data must be interpreted with caution. All the vari- 
ables used to construct the FI were based on self-reported 
data, the accuracy of which might not be the same as a 
clinical assessment. Interindividual variability in respect 
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to health care access may be reflected in population sur- 
vey data, which may be especially true in China where sig- 
nificant regional socioeconomic and health care differences 
have been reported (39). Future work on studying frailty 
limits considering gender disparity in clinical settings will 
be of particular interest. Also, our data set was based on the 
health assessments in 1992, which likely bears variations to 
the current status in China. Unlike the West, fast economic 
growth in China has brought dramatic changes in educa- 
tion, income, lifestyle, culture, and health care in the past 
two decades, which likely has influenced the level of health 
measures and thus the FI (40). Recent interventions, such 
as protein-energy supplementation to prevent functional 
decline in frail older adults, would not be reflected in these 
data (41). Despite high demand for health care improve- 
ment, the system may have been weakened recently (42). 
Even so, consistent results regarding the FI values, relation- 
ships of FI with age, and gender disparity in the mean FI 
values were suggested by our study. These results are con- 
sistent with previous publications (11,15-19) and in sup- 
port of the findings on frailty limit (14,19,26,43). 

In conclusion, this study suggests a gender difference in 
frailty limits and its relationship with short-term mortality 
in older adults. The highest FI values were significantly 
lower and emerged earlier in men than in women; in both, 
the highest mortality resulted. These results have important 
implications for understanding health expectancy and risk 
of death in the older population, as well as the evolution of 
the gender differences in frailty, which might start in midlife 
(44). Quantification of frailty limits by taking into account 
gender differences can benefit public health planning and 
clinical decision making, for example, implementing frailty 
into clinical practice to achieve modifiable intervention out- 
comes (45), for better care of older patients. 
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